T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 358;6 www.nejm.org february 7, 2008 558 A cute myocardial infarction with ST-segment elevation is caused by the rupture or erosion of an atherosclerotic plaque, initiating intraluminal thrombosis resulting in partial or complete occlusion of a coronary artery. 1-3 Primary percutaneous coronary intervention (PCI) is the preferred treatment for myocardial infarction with ST-segment elevation and is effective in opening the infarct-related artery. [4] [5] [6] However, microvascular obstruction with diminished myocardial perfusion occurs in a large proportion of patients with a patent epicardial vessel after primary PCI, and this event is associated with an increased infarct size, reduced recovery of ventricular function, and increased mortality. [7] [8] [9] [10] [11] Microvascular obstruction is related to the embolization of plaque or thrombotic material downstream in the infarct-related artery. 12,13 Embolization can occur spontaneously or by means of mechanical fragmentation during PCI. [12] [13] [14] [15] One coronary angiographic technique used to assess perfusion in the myocardial tissue is myocardial blush grading. 7, 9, 11 In clinical practice, electrocardiographic (ECG) analysis of the degree of resolution of ST-segment elevation after PCI is often used. 8, 10, 11 The high frequency of suboptimal myocardial reperfusion after primary PCI has resulted in the development of various devices to protect the microcirculation. 16-24 A 6-French-compatible manualaspiration catheter is practical for this purpose, since it is relatively flexible and nontraumatic in use. Many previous trials have used findings on coronary angiography as selection criteria and have not performed a systematic analysis of the material retrieved during aspiration. We therefore evaluated the use of a manual-aspiration catheter to improve myocardial perfusion during primary PCI in patients with myocardial infarction with ST-segment elevation. Our patients were randomly assigned to a treatment group before coronary angiography was performed and therefore without consideration of angiographic selection criteria (such as the presence of a visible thrombus on angiography), and we conducted a histopathological analysis of the retrieved material as an additional evaluation of procedural efficacy. 25 
Me thods

Study Design and Population
The Thrombus Aspiration during Percutaneous Coronary Intervention in Acute Myocardial Infarction Study (TAPAS) was a single-center, prospective, randomized, open trial involving the blinded evaluation of end points. 25 The institutional review board of the University Medical Center Groningen (Groningen, the Netherlands) approved the study. All patients provided written informed consent.
All consecutive patients presenting to the University Medical Center Groningen with a possible myocardial infarction with ST-segment elevation between January 2005 and December 2006 were considered eligible for participation. The inclusion criteria were symptoms suggesting acute myocardial ischemia lasting more than 30 minutes, the onset of symptoms less than 12 hours previously, and ST-segment elevation of more than 0.1 mV in two or more leads on the ECG. The exclusion criteria were the performance of a rescue PCI after thrombolysis, the known existence of a disease resulting in a life expectancy of less than 6 months, and the lack of informed consent.
Randomization and Treatment
Before diagnostic angiography was performed, patients were randomly assigned to undergo thrombus aspiration during PCI or conventional PCI, with the use of a computerized voice-response system. The randomization code was developed by means of a number generator used to select randomly permuted blocks of three to six patients, which were then stratified by the interventional cardiologist to achieve a balanced group assignment with regard to both the treatment group and the cardiologist performing the procedure. 25 For all patients, the first procedural step was the passing of a floppy, steerable guidewire through the target lesion. In patients in the conventional-PCI group, this step was followed by balloon dilation to establish antegrade flow. In patients in the thrombus-aspiration group, this step was followed by the advancing of the 6-French Export Aspiration Catheter (Medtronic; crossing profile, 0.068 in.) into the target coronary segment during continuous aspiration; when necessary for stent delivery, balloon dilation was performed before stenting. In all patients, after the restoration of antegrade flow, intracoronary nitrates were given to ensure maximal epicardial vasodilation, in order to determine the size and length of the stent and to facilitate stent placement. All placed stents were bare-metal stents.
Pharmacologic treatment before PCI included the administration of aspirin (a loading dose of 500 mg), heparin (5000 IU), and clopidogrel (a loading dose of 600 mg). Patients also received the glycoprotein IIb/IIIa inhibitor abciximab, with the dose based on body weight, unless contraindicated, and additional heparin, with the dose based on the activated clotting time. Standard therapies after PCI included aspirin, clopidogrel, beta-blockers, lipid-lowering agents, and angiotensin-converting-enzyme inhibitors or angiotensin-II-receptor blockers, according to current guidelines. 6
End Points, Assessment of Outcomes, and Definitions
The primary end point was the postprocedural frequency of a myocardial blush grade of 0 or 1 as detailed below. 25 Secondary end points were the postprocedural frequencies of a Thrombolysis in Myocardial Infarction (TIMI) flow grade of 3, complete resolution of ST-segment elevation, the absence of persistent ST-segment deviation, targetvessel revascularization, reinfarction, death, and the combination of major adverse cardiac events by 30 days after randomization.
Coronary angiography was performed before and after the PCI. TIMI flow grades were assessed as previously described. 26 Myocardial blush grades were assigned as previously described by Van 't Hof et al. 7 : 0, no myocardial blush; 1, minimal myocardial blush or contrast density; 2, moderate myocardial blush or contrast density but less than that obtained during angiography of a contralateral or ipsilateral non-infarct-related coronary artery; and 3, normal myocardial blush or contrast density, similar to that obtained during angiography of a contralateral or ipsilateral non-infarctrelated coronary artery. Persistent myocardial blush suggests leakage of contrast medium into the extravascular space and is given a grade of 0. Angiographic evidence of a thrombus was assessed according to the criteria summarized by Mabin et al. 27 Data from the coronary angiogram were analyzed at an independent core laboratory (Cordinamo). 25 A 12-lead ECG was acquired at presentation and 30 to 60 minutes after PCI, and the ST-segments on the postprocedural ECG were compared with those on the ECG at presentation. The degree of resolution of ST-segment elevation was cate- gorized as complete (>70%), partial (30 to 70%), or none (<30%). 8 Persistent ST-segment deviation, defined as the sum of the ST-segment depression and the ST-segment elevation, was categorized as less than 2 mm, 2 to 10 mm, and more than 10 mm. The presence or absence of pathologic Q waves was also recorded. Filtered, aspirated material was fixed in formalin for 24 hours. Histologic sections were cut and stained with hematoxylin and eosin for examination with a light microscope (magnification, ×100). Immunostaining was performed to optimize the visualization of smooth-muscle cells and macrophage foam cells. Aspiration was defined as effective or not effective on the basis of the presence of atherothrombotic material in the aspirate samples. The material was classified as from a thrombus containing only platelets, a thrombus with an erythrocyte component, or a thrombus with plaque, as well as according to length: small (<0.5 mm), moderate (0.5 to 2 mm), or large (>2 mm).
Follow-up data at 30 days were obtained from hospital records and through telephone interviews. Major bleeding was defined as symptomatic bleeding in a critical area or organ, bleeding causing a decrease in hemoglobin level of 2.0 mmol or more per liter, or bleeding that led to blood transfusion. Reinfarction was defined as recurrent symptoms with new ST-segment elevation and elevation of the levels of cardiac markers to at least twice the upper limit of the normal range. Target-vessel revascularization was defined as ischemia-driven revascularization of the infarct-related artery, performed by means of PCI or surgery (e.g., coronary-artery bypass grafting) during the follow-up period. A major adverse cardiac event was defined as death, reinfarction, or target-vessel revascularization.
Statistical Analysis
We estimated that we would have to enroll 1080 patients to achieve a power of 80%, with a twosided significance level of 0.05, to detect a 25% reduction in the primary end point in patients who underwent thrombus aspiration as compared with those who underwent conventional PCI, assuming a 30% rate of myocardial blush grade of 0 or 1 in the conventional-PCI group. 25 The study com- mittee (see the Appendix) performed a planned interim analysis after 300 patients had been enrolled. The stopping limit was a difference of more than 25% in the primary end point between the two groups, with a P value of less than 0.01.
Categorical variables were compared with the use of the chi-square test or Fisher's exact test. Continuous variables were compared with the use of a two-tailed Student's t-test. Prespecified subgroup analyses were performed by means of logistic-regression analyses with formal tests for interaction. 28 We analyzed data for all patients who were randomly assigned to a treatment group and for whom outcome data were available. Exploratory analyses of the association between the surrogate and clinical end points were performed by means of logistic-regression analysis. Two-sided significance tests were used. P values of less than 0.05 were considered to indicate statistical significance. SPSS software, version 12.0.1, was used in all statistical analyses.
Data management and statistical analyses were performed by staff of the data coordinating center (see the Appendix) and the principal investigator, who vouches for the accuracy and completeness of the data.
R e sult s
Study Population
During the study period, 1161 patients were considered for inclusion, and 1071 patients were enrolled according to the eligibility criteria (Fig. 1) . Before coronary angiography, patients were randomly assigned to undergo either thrombus aspiration during PCI (535 patients) or conventional PCI (536 patients). The baseline clinical and angiographic characteristics were similar in the two groups (Table 1) .
Procedural Data
On the basis of the initial angiographic findings, 33 patients (approximately 6%) in each group did not undergo PCI. In the thrombus-aspiration group, aspiration and direct stent implantation were performed in 295 patients (55.1%), balloon dilation was performed before stent implantation in 153 patients (28.6%), and conventional PCI was performed in 54 patients (10.1%) in whom the operator judged the target artery to be too small or too tortuous to permit use of the aspiration catheter (Fig. 1) .
Data about the procedures and intraprocedural complications are shown in Table 1 . None of the complications were thought to be related to the aspiration device used. There were no intraprocedural deaths or strokes. (Fig. 2A) .
The ECGs obtained at baseline and after the procedure were analyzed in 982 of the 1005 patients (97.7%) who underwent PCI. The median time from treatment to the postprocedural ECG was 44 minutes (interquartile range, 25 to 63) in the thrombus-aspiration group and 43 minutes (interquartile range, 25 to 61) in the conventional-PCI group (P = 0.40). Complete ST-segment resolution occurred in 275 of the 486 patients (56.6%) in the thrombus-aspiration group and 219 of the 496 patients (44.2%) in the conventional-PCI group (risk ratio, 1.28; 95% CI, 1.13 to 1.45; P<0.001) (Fig. 2B) . Similarly, 258 of the 486 patients (53.1%) in the thrombus-aspiration group had no persistent ST-segment deviation, as compared with 201 of the 496 patients (40.5%) in the conventional-PCI group (risk ratio, 1.31; 95% CI, 1.14 to 1.50; P<0.001) (Fig. 2C) . In the thrombus-aspiration group, 119 of 486 patients (24.5%) did not have pathologic Q waves on the ECG, as compared with 79 of 496 patients (15.9%) in the conventional-PCI group (risk ratio, 1.54; 95% CI, 1.19 to 1.99; P = 0.001).
There was no evidence that the benefit with regard to the primary end point was heterogeneous among the baseline levels of the prespecified covariates. There were no significant interactions for any subgroups (Fig. 3) . Table 2 shows the rate of retrieval and the histopathological characteristics and size of the aspirate, according to initial angiographic findings in the patients who underwent aspiration. Histopathological examination was performed in 454 patients, which in 331 patients (72.9%) showed atherothrombotic material.
Histopathological Features
Clinical Outcome at 30 Days
In the thrombus-aspiration group and the conventional-PCI group, there was major bleeding in 20 of 529 patients (3.8%) and 18 of 531 patients (3.4%), respectively (risk ratio, 1.11; 95% CI, 0.60 to 2.08; P = 0.11); death in 11 of 529 (2.1%) and 21 of 531 (4.0%) (risk ratio, 0.52; 95% CI, 0.26 to 1.07; P = 0.07); reinfarction in 4 of 529 (0.8%) and 10 of 531 (1.9%) (risk ratio, 0.40; 95% CI, 0.13 to 1.27; P = 0.11); target-vessel revascularization in 24 of 529 (4.5%) and 31 of 531 (5.8%) (risk ratio, 0.77; 95% CI, 0.46 to 1.30; P = 0.34); and major adverse cardiac events at 30 days in 36 of 529 (6.8%) and 50 of 531 (9.4%) (risk ratio, 0.72; 95% CI, 0.48 to 1.08; P = 0.12). The rates of death and major adverse cardiac events at 30 days were both significantly related to myocardial blush grade, resolution of ST-segment elevation, and ST-segment deviation (P = 0.003 for the association between death and myocardial blush grade; P<0.001 for all other associations) (Fig. 4) .
Dis cus sion
The results of our randomized trial show that effective manual aspiration of atherothrombotic material is feasible in a large majority of patients presenting with myocardial infarction with STsegment elevation. As compared with balloon angioplasty as an initial step in primary PCI, aspiration before stenting results in improved myocardial reperfusion, documented by a clear improvement in the myocardial blush grade, increased resolution of ST-segment elevation, and reduced residual ST-segment deviation. This beneficial effect of aspiration was consistently present in all patients, irrespective of baseline clinical or angiographic characteristics such as age, sex, infarctrelated coronary artery, preprocedural TIMI flow, or visible thrombus on the angiogram. Atherothrombotic material was retrieved in 73% of the patients who underwent thrombus aspiration, and the main constituent of the retrieved material was platelets.
Our data confirm the prognostic value of the myocardial blush grade and degree of resolution of the ST-segment elevation after reperfusion therapy, since these variables were strongly related to the 30-day rates of death and major adverse cardiac events. 7,8 The trends we found for these rates were expected from the differences between the two groups in variables reflecting myocardial reperfusion. Since a larger proportion of patients in the thrombus-aspiration group than in the conventional-PCI group did not have pathologic Q waves on the postprocedural ECG, this benefit may be mediated, at least in part, by myocardial salvage.
The clinical importance of embolization of atherothrombotic material from unstable plaques in patients with myocardial infarction with ST-segment elevation has been recognized, 12,13 and embolic protection during PCI in such patients has been tested with various devices in small or medium-sized trials, with diverse results. [16] [17] [18] [19] [20] [21] [22] [23] [24] This variation in results may be in part related to the device used, since trials involving manual-aspiration devices have all shown favorable effects of aspiration on myocardial-perfusion variables. [20] [21] [22] Most of the previous trials have enrolled patients who were selected on the basis of angiographic features, [16] [17] [18] [19] [21] [22] [23] [24] since it was assumed that patients with a large thrombotic burden are identified on angiography and will particularly benefit from the treatment. Our data show that angiographic variables such as TIMI flow or the presence of a visible thrombus are not predictors of patients in whom aspiration will be effective. Our findings therefore support the concept that the presence of a thrombus plays an important role in the pathophysiological characteristics of most patients with myocardial infarction with ST-segment elevation.
We powered our trial on the assumption of a 25% reduction in the frequency of myocardial blush grade of 0 or 1 in the thrombus-aspiration group. Our data confirm a benefit of this magnitude, albeit with a somewhat lower incidence of myocardial blush grade of 0 or 1 in the conventional-PCI group than expected: 26.4% instead of 30%. This may be explained by the administration of pharmacotherapy immediately after the diagnosis of myocardial infarction with ST-segment elevation was made, followed by the use of abciximab at the start of the PCI procedure.
Our trial provides a systematic analysis of the role of coronary thrombi in a representative, contemporary population with myocardial infarction with ST-segment elevation, since aspiration was performed soon after the onset of symptoms in a large cohort of patients who were not selected on the basis of angiographic characteristics and were randomly assigned to a treatment group. The rate of retrieval of atherothrombotic material (73%) is somewhat lower than that reported in smaller, nonrandomized pathological thrombectomy studies of patients who had myocardial infarction with ST-segment elevation, 13,29 possibly because of the selection of patients and angiographic characteristics or differences in the devices and antithrombotic regimens used. Our histopathological findings confirm earlier observations that thrombi predominantly composed of platelets are common in patients who have myocardial infarction with ST-segment elevation. 13, 29, 30 Platelets are thought to play an important role in embolization and microvascular dysfunction. 12,31 Mechanical removal of a thrombus before PCI reduces the existing source of embolization but does not address platelet aggregates generated after PCI. These can be abolished with the use of platelet inhibitors. 32 It is therefore possible that the combined use of aspiration and glycoprotein IIb/IIIa inhibitors will have a synergistic effect.
The platelet thrombi were mostly small or moderate in size, whereas the erythrocyte-rich thrombi were moderate or large in size. This may reflect the process whereby a platelet thrombus forms by means of the adherence and aggregation of platelets on a disrupted lesion, followed by the development of thrombus through the deposition of erythrocytes in the stagnant blood flow over the platelet thrombus. 1, 33, 34 The association between large erythrocyte-rich thrombi and a TIMI flow grade of 0 or 1 before PCI is consistent with this mechanism.
We could not identify atherothrombotic material in 27% of patients in whom aspiration was performed. This may be due to a variety of mechanisms. First, a thrombus may be dissolved by endogenic or pharmacologic antithrombotic or fibrinolytic agents. Second, a thrombus may break off and embolize before PCI or during PCI, owing to the guidewire or aspiration device. In some patients in our trial, mechanical resistance at the site of occlusion prevented passage of the aspiration device through the infarct-related segment. It seems likely that, in some patients who have myocardial infarction with ST-segment elevation, a high-grade, nonthrombotic, unstable atherosclerotic plaque causes the coronary obstruction (e.g., a plaque with hemorrhage). 33, 34 The patients who did not have a response to aspiration might also not have shown reperfusion after thrombolytic therapy. Third, within hours after formation, a thrombus may be covered by mononuclear cells that stop the deposition of platelets. 35 Finally, fragile material may disintegrate while passing through the catheter or filter or in the collection bottle. Our trial has several limitations. First, it represents a single-center experience using surrogate end points. However, the fact that the surrogate end points of myocardial blush grade and the electrocardiographic variables of reperfusion were clearly associated with the rates of death and major adverse cardiac events supports the validity of using such end points in studies of patients who have myocardial infarction with ST-segment elevation. Second, to prevent selection bias, we performed randomization before coronary angiography. As a consequence, some patients did not undergo PCI or received the alternative therapy. This may have diluted to some extent the positive effects of aspiration, but it makes our findings applicable to a general population with myocardial infarction with ST-segment elevation. Third, it cannot be ruled out that extractable thrombi differ from thrombi in situ. Finally, it has been suggested that primary stenting without balloon predilation in patients who have myocardial infarction with ST-segment elevation results in improved distal flow and reduced embolization. Our study was not designed to evaluate the effect of dilation before stenting. This issue needs further investigation in a randomized setting.
In conclusion, we found that manual thrombus aspiration can be performed in a large majority of patients presenting with myocardial infarction with ST-segment elevation, irrespective of their clinical and angiographic features (e.g., a visible thrombus on angiography) and results in improved myocardial reperfusion and clinical outcome as compared with conventional PCI. The significant relationship we found between myocardial and electrocardiographic variables of reperfusion and the rates of death and major adverse cardiac events supports the validity of these reperfusion variables as surrogate end points in patients who have myocardial infarction with ST-segment elevation. The histopathological findings in the aspirate specimens underline the importance of antiplatelet therapy in improving the outcome after primary PCI.
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